Background
==========

Worldwide, cataract is one of the most common causes of loss of vision, with an estimated 16 million people being affected \[[@b1-medscimonit-25-4314],[@b2-medscimonit-25-4314]\]. A cataract is characterized by opacity and loss of optical clarity of the lens \[[@b2-medscimonit-25-4314]\]. Risk factors for cataract include age, exposure to ultraviolet light, and diabetes, but aging is the main cause \[[@b3-medscimonit-25-4314]\]. The current treatment for cataract is surgery, with the replacement of the cataract with an intraocular lens \[[@b4-medscimonit-25-4314]\]. However, there is a risk of postoperative blindness due to surgical complications \[[@b5-medscimonit-25-4314]\]. Therefore, more effective treatments for cataract are still required.

The microRNAs are a form of endogenous RNA that are 20--24 nucleotides in length, which are involved in cell growth, apoptosis, cancer, and cataract \[[@b6-medscimonit-25-4314]--[@b8-medscimonit-25-4314]\]. Also, microRNA-378a (miR-378a) expression has been shown to have a tumor suppressive role in colorectal cancer \[[@b9-medscimonit-25-4314]\]. A previous study showed that miR-378a inhibited the growth of tamoxifen-resistant breast cancer cells \[[@b10-medscimonit-25-4314]\]. Furthermore, miR-378a has been shown to be upregulated in cataract \[[@b11-medscimonit-25-4314]\]. However, the mechanism by which miR-378a modulates the development of cataract remains unclear.

Aerobic metabolism requires oxygen, which can be associated with the generation of free radicals and reactive oxygen species (ROS) \[[@b12-medscimonit-25-4314]\]. Superoxide (O~2~^−^) and hydrogen peroxide (H~2~O~2~) are major ROS that can impair cellular components \[[@b13-medscimonit-25-4314]\]. An increase in oxidative stress is believed to be the underlying cause for many human diseases, including cataract, and antioxidants may be potential therapeutic strategies for cataract \[[@b14-medscimonit-25-4314]\]. ROS may also impact cell signaling proteins, including PI3K/AKT \[[@b15-medscimonit-25-4314],[@b16-medscimonit-25-4314]\]. A previous study showed that blocking the increase in ROS inhibited the PI3K/Akt pathway and cell apoptosis in osteosarcoma cells \[[@b17-medscimonit-25-4314]\]. Therefore, this study aimed to investigate the effects of miR-378a in human lens epithelial cells (HLECs) *in vitro* and normal lens tissues and cataract tissues.

Material and Methods
====================

Ethical approval and patient consent
------------------------------------

Human cataract lens tissue was obtained with written informed consent from patients. This study was approved by the Ethical Committee of the First Peoples' Hospital of Changzhou Approval No: 20190130-006). This study was conducted in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki).

Human tissue samples
--------------------

Anterior lens capsule samples (n=25) were obtained from patients with cataract who had surgery at the first Peoples' Hospital of Changzhou, China. Normal lens anterior capsular samples were collected from healthy postmortem eyes (n=25) donated to the Eye Bank of the First Peoples' Hospital of Changzhou. Samples were immediately snap-frozen and stored at −80°C before RNA extraction. All samples were collected with consent from all patients.

Human lens epithelial cells (HLECs)
-----------------------------------

Human lens epithelial cells (HLECs) (SRA01/04) was obtained from the Tumor Center of the Chinese Academy of Medical Sciences, Beijing, China \[[@b18-medscimonit-25-4314]\]. The cells were grown in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin. For PI3K inhibition, 50 μM of LY294002 was used to treat HLEC cells.

Generation of stable cell lines
-------------------------------

Short-hairpin RNAs (shRNAs) were cloned into the pLKO.1 vector. The pLKO.1-shRNA, pPAX2, and pVSVG were co-transfected into 293T cells to generate lentiviruses. Then, we collected the supernatant with the virus at 24 h and 48 h after vector transfection. The virus was mixed with medium at a 1: 4 ratio and 2 μg/ml of puromycin was used to select the positive cells, and shNC was used as the scramble vector. The primer for shSOD1 was: GGGCAAAGGUGGAAAUGAA.

Cell transfection
-----------------

The SOD1 cDNA was amplified and subcloned into the pcDNA4 vector. The resultant plasmid was transfected into cells using Lipofectamine 2000 (Life Technologies, Carlsbad, CA, USA). For miR-378a mimic or inhibitor transfection, Lipofectamine RNAiMAX reagent was used (Life Technologies, Carlsbad, CA, USA). The miR-378a mimic or inhibitor was synthesized by GenePharma (Shanghai, China).

TUNEL assay
-----------

The TUNEL assay was performed using the In Situ Cell Death Detection Kit (Roche-11684795910) (Sigma-Aldrich, St. Louis MO, USA) to detect cell apoptosis \[[@b19-medscimonit-25-4314]\], according to the manufacturer's instructions.

Western blot
------------

Total proteins were loaded onto a sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel, and transferred to a polyvinylidene fluoride (PVDF) membrane. The membrane was blocked with 5% dried skimmed milk powder and incubated with primary and secondary antibodies. The membranes were incubated with ECL solution. The following antibodies were used: anti-PI3K (Cell Signaling Technology, Danvers, MA, USA), anti-p-PI3K (Cell Signaling Technology, Danvers, MA, USA), anti-AKT (Cell Signaling Technology, Danvers, MA, USA), anti-p-AKT (Cell Signaling Technology, Danvers, MA, USA), anti-GAPDH (Proteintech, Manchester, UK).

Measurement of superoxide and hydrogen peroxide
-----------------------------------------------

Changes in the ethidium to dihydroethidium (E: DHE) fluorescence ratio and 6-carboxy-2′,7′-dichlorodihydrofluorescein diacetate (C-H~2~DCFDA) (Sigma, St. Louis, MO, USA) were used for detection of superoxide (O~2~^−^) and hydrogen peroxide (H~2~O~2~), respectively, which were analyzed using standard assay kits, according to the manufacturer's instructions \[[@b13-medscimonit-25-4314],[@b20-medscimonit-25-4314]\]. The O~2~^−^ and H~2~O~2~ levels were presented as units or μmol per milligram of protein.

RNA extraction and quantitative reverse transcription polymerase chain reaction (RT-qPCR) for microRNA-378a (miR-378a)
----------------------------------------------------------------------------------------------------------------------

Total RNA was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA), and cDNA was synthesized using reverse transcription reagent kit (Invitrogen, Carlsbad, CA, USA). RT-qPCR was performed using SYBR Green PCR kit (Takara, Minato-ku, Tokyo, Japan). GAPDH and U6 were used as internal controls. The relative expression levels of the genes were calculated by comparing them with the expression of GAPDH or U6 using the 2^−ΔΔCT^ method. The primers used were as follows:

1.  Forward, miR-378a: CTCCAGGTCCTGTGTGTTACC;

2.  Reverse, miR-378a: GGCCTTCTGACTCCAAGT;

3.  Forward, SOD1: GGTGTGGCCGATGTGTCTAT;

4.  Reverse, SOD1: CAAGCCAAACGACTTCCAGC;

5.  Forward, GAPDH: GCACCGTCAAGGCTGAGAAC;

6.  Reverse, GAPDH-R: GCCTTCTCCATGGTGGTGAA;

7.  Forward, U6: CTCGCTTCGGCAGCACATATACTA;

8.  Reverse, U6: ACGAATTTGCGTGTCATCCTTGCG.

Statistical analysis
--------------------

Each experiment was performed in triplicate. Data were presented as the mean ± standard deviation (SD). Comparison of the two groups was performed by the two-tailed unpaired Student's t-test. Comparison between multiple groups was performed by one-way analysis of variance (ANOVA). A P-value \<0.05 was considered to be statistically significant.

Results
=======

microRNA-378a (miR-378a) regulated reactive oxygen species (ROS) in human lens epithelial cells (HLECs)
-------------------------------------------------------------------------------------------------------

To determine the mechanism of microRNA-378a (miR-378a) in cataract, we transfected miR-378a mimic and inhibitor into HLECs. Quantitative reverse transcription polymerase chain reaction (RT-qPCR) showed that the miR-378a mimic resulted in a reduced expression level of SOD1, while miR-378a inhibition promoted SOD1 gene expression ([Figure 1A, 1B](#f1-medscimonit-25-4314){ref-type="fig"}).

Because SOD1 encodes the key enzyme involved in the regulation of levels of ROS, in this study, intracellular superoxide (O~2~^−^) and hydrogen peroxide (H~2~O~2~) levels were detected in HLEC cells that expressed the miR-378a mimic or inhibitor. The O~2~^−^ levels were significantly increased, and H~2~O~2~ levels were slightly decreased in HLEC cells expressing the miR-378a mimic. However, O~2~^−^ levels were significantly decreased, and H~2~O~2~ levels were slightly increased in miR-378a inhibited HLEC cells compared with NC cells ([Figure 1C, 1D](#f1-medscimonit-25-4314){ref-type="fig"}). These data indicate that miR-378a increased ROS levels (mainly O~2~^−^ level) by suppressing SOD1 expression.

miR-378a inhibited cell proliferation and induced apoptosis of HLEC cells by modulating SOD1 expression
-------------------------------------------------------------------------------------------------------

To investigate whether ROS was involved in miR-378a-mediated proliferation and apoptosis of HLEC cells, we first examined cell growth of HLEC cells expressing miR-378a mimic or inhibitor by the MTT method ([Figure 2A, 2B](#f2-medscimonit-25-4314){ref-type="fig"}). The miR-378a mimic significantly reduced the proliferation of HLEC cells relative to the negative control group. However, the miR-378a inhibitor promoted HLEC cells proliferation. Also, we measured the apoptosis rate of HLEC cells following the use of the miR-378a mimic or inhibition using the TUNEL assay ([Figure 2C, 2D](#f2-medscimonit-25-4314){ref-type="fig"}). The use of the miR-378a mimic increased the rate of cell apoptosis rate when compared with control cells, whereas the miR-378a inhibitor had the opposite effect.

SOD1 was studied to determine its role in miR-378a-induced phenotypes of HLEC cells. Overexpression of SOD1 in HLEC cells reversed the inhibition of cell proliferation and enhanced apoptosis caused by the miR-378a mimic. These data suggest that miR-378a regulated proliferation and apoptosis of HLEC cells partially through ROS.

PI3K/AKT signaling was involved in miR-378a/ROS-regulated proliferation and apoptosis of HLEC cells
---------------------------------------------------------------------------------------------------

Because PI3K/AKT signaling was reported to be a crucial effector of ROS in some tumor cells, in this study, the role of PI3K/AKT was investigated in miR-378a/ROS-induced proliferation and apoptosis of HLEC cells. Western blot analysis showed that the phosphorylated forms of PI3K and AKT were reduced following miR-378a mimic or SOD1 knockdown in HLEC cells. However, p-PI3K and p-AKT levels were increased when the cells were transfected with the miR-378a inhibitor ([Figure 3A, 3B](#f3-medscimonit-25-4314){ref-type="fig"}).

To determine the role of PI3K/AKT in miR-378a/ROS-regulated cell growth and apoptosis of HLEC cells, we used the PI3K inhibitor, LY294002, to treat the cells. The MTT assay showed that the PI3K inhibitor blocked the proliferation activity of miR-378a inhibited HLEC cells ([Figure 3C](#f3-medscimonit-25-4314){ref-type="fig"}). The TUNEL assay showed that the PI3K inhibitor, LY294002, promoted apoptosis of miR-378a inhibited HLEC cells ([Figure 3D, 3E](#f3-medscimonit-25-4314){ref-type="fig"}). These results indicated that PI3K/AKT signaling acted as a downstream effector of miR-378a/ROS-mediated proliferation and apoptosis.

miR-378a and SOD1 levels in human cataract lens samples
-------------------------------------------------------

To determine whether the miR-378a/ROS pathway was involved in human lens tissue affected by cataract, we analyzed miR-378a and SOD1 expressions in human cataract lens and normal lens tissue. As shown in [Figure 4A, 4B](#f4-medscimonit-25-4314){ref-type="fig"}, the miR-378a level was significantly higher in cataract lens compared with normal lens. The SOD1 expression level was lower in cataract lens tissue compared with normal lens. Also, miR-378a expression was significantly negatively correlated with the levels of SOD1 (r=−0.4657; P=0.019) ([Figure 4C](#f4-medscimonit-25-4314){ref-type="fig"}). Therefore, in this study, miR-378a was regulated by ROS signaling.

Discussion
==========

The findings from this study showed that in human lens epithelial cells (HLECs) *in vitro* and human cataract tissues, microRNA-378a (miR-378a) contributed to the generation of reactive oxygen species (ROS) by regulating the expression of the SOD1 gene. High ROS levels down-regulated PI3K/AKT signaling, which may have a role in cataract development. The findings from this study identified a new miR-34/ROS/PI3K/AKT signaling axis in cataract, but these preliminary findings require support from future studies.

Due to the global increase in the aging population, the prevalence of cataract has increased. Large-scale microarray analysis has identified several microRNAs that are deregulated in cataract \[[@b21-medscimonit-25-4314]\]. From these studies, miR-378a, miR-15a, miR-16, and let-7 are upregulated, while miR-125b and miR-29a have been shown to be significantly down-regulated \[[@b22-medscimonit-25-4314]\]. In the present study, several methods were used to identify the role of miR-378a in suppressing cell growth and inducing apoptosis in human lens epithelial cells (HLECs).

Oxidative stress represents a shift in the balance between oxidants and antioxidants, including superoxide dismutase and catalase, which results in increased reactive oxygen species (ROS) in the tissues \[[@b23-medscimonit-25-4314]\]. The mechanisms involved in the induction of cataracts by free radicals or oxidants are still unclear, but a previous study showed that miR-21 modulated ROS levels by targeting SOD3 \[[@b24-medscimonit-25-4314]\]. Currently, there has been little evidence to show that miR-378a regulates ROS levels. However, in this study, miR-378a was found to directly target the ROS-associated enzyme SOD1, which increased ROS levels.

An increase in ROS can influence cell signaling proteins and their functional consequences. In a previous study, signaling pathways were shown to be targeted by ROS, including NF-κB, MAPKs, PI3K/AKT, Wnt/β-catenin, and ion channel signaling \[[@b13-medscimonit-25-4314],[@b15-medscimonit-25-4314],[@b16-medscimonit-25-4314]\]. To determine the role of PI3K/AKT signaling in cell proliferation and apoptosis of HLECs, we used the PI3K inhibitor, LY294002, to determine the effects on cell growth and apoptosis. The findings of the present study showed that the PI3K/AKT signaling pathway was involved with miR-378a and ROS *in vitro* in HLECs and in cataract tissue. Future studies should be undertaken to investigate downstream targets of miR-378a, and *in vivo* studies may confirm the role of miR-378a in the development of cataract.

Conclusions
===========

This study aimed to investigate the effects of microRNA-378a (miR-378a) in human lens epithelial cells (HLECs) *in vitro* and normal lens tissues and cataract tissues. In HLECs, the expression of miR-378a regulated reactive oxygen species (ROS) and PI3K/AKT signaling, and miR-378a was upregulated, and SOD1 was down-regulated in human cataract tissue. The findings of this study require further investigation to determine the potential role of miR-378a in the diagnosis and treatment of cataract.
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![microRNA-378a (miR-378a) regulates reactive oxygen species (ROS) in human lens epithelial cells (HLECs). (**A**) Quantitative reverse transcription polymerase chain reaction (RT-qPCR) analysis shows the level of microRNA-378a (miR-378a) in human lens epithelial cells (HLECs) transfected with NC, miR-378a mimic, and miR-378a inhibitor. All data are presented as the mean ±SD. The two-tailed unpaired Student's t-test was performed for comparison of the two groups. (\*\*\* P\<0.001). (**B**) RT-qPCR analysis shows the mRNA level of the SOD1 gene in HLEC cells transfected with NC, miR-378a mimic, and miR-378a inhibitor. All data are presented as the mean ±SD. The two-tailed unpaired Student's t-test was performed for comparison of the two groups. (\*\* P\<0.01). (**C**, **D**) The levels of the ratio of ethidium to dihydroethidium (E: DHE) for superoxide (O~2~^−^), and 6-carboxy-2′,7′-dichlorodihydrofluorescein diacetate (C-H2DCFDA) fluorescence for hydrogen peroxide (H~2~O~2~) in HLEC cells transfected with NC, miR-378a mimic, and miR-378a inhibitor. All data are presented as the mean ± SD. The two-tailed unpaired Student's t-test was performed for comparison of the two groups. (\* P\<0.05).](medscimonit-25-4314-g001){#f1-medscimonit-25-4314}

![microRNA-378a (miR-378a) inhibits cell proliferation and induces apoptosis of human lens epithelial cells (HLECs) by modulating SOD1. (**A**) Quantitative reverse transcription polymerase chain reaction (RT-qPCR) analysis shows the mRNA level of SOD1 in human lens epithelial cells (HLECs) transfected with NC, miR-378a mimic, miR-378a inhibitor, miR-378a mimic plus SOD1. All data are presented as the mean ±SD. Comparison of the two groups was performed by one-way analysis of variance (ANOVA). (\*\* P\<0.01; \*\*\* P\<0.001). (**B**) MTT assay shows cell viability of HLEC cells transfected with NC, miR-378a mimic, miR-378a inhibitor, miR-378a mimic, and SOD1 at different time points of 0, 24, 48, 72 h. (**C**) TUNEL assay shows cell apoptosis of HLEC cells transfected with NC, miR-378a mimic, miR-378a inhibitor, miR-378a mimic and SOD1. (**D**) Statistics of cell apoptosis rate of HLEC cells transfected with NC, miR-378a mimic, miR-378a inhibitor, miR-378a mimic plus SOD1. All data are presented as the mean ±SD. Comparison of the two groups were performed by ANOVA. (\* P\<0.05; \*\*\* P\<0.001).](medscimonit-25-4314-g002){#f2-medscimonit-25-4314}

![PI3K/AKT signaling is critical for microRNA-378a (miR-378a) and reactive oxygen species (ROS)-regulated proliferation and apoptosis of human lens epithelial cells (HLECs). (**A**) Western blot shows the levels of the indicated proteins in human lens epithelial cells (HLECs) transfected with NC, miR-378a mimic, miR-378a inhibitor. GAPDH acts as the loading control. (**B**) Western blot shows the levels of the indicated proteins in HLEC cells stably expressing shNC and shSOD1. GAPDH acts as the loading control. (**C**) MTT assay shows cell viability of HLEC cells transfected with NC, miR-378a inhibitor, miR-378a inhibitor plus LY294002 treatment at different time points of 0, 24, 48, 72 h. (**D**) TUNEL assay shows cell apoptosis of HLEC cells transfected with NC, miR-378a inhibitor, miR-378a inhibitor, and treatment with LY294002. (**E**) Statistical analysis of the cell apoptosis rate of HLEC cells transfected with NC, miR-378a inhibitor, miR-378a inhibitor and treatment with LY294002. All data are presented as the mean ± SD. Comparison of the groups was performed by one-way analysis of variance (ANOVA). (\* P\<0.05; \*\* P\<0.01).](medscimonit-25-4314-g003){#f3-medscimonit-25-4314}

![microRNA-378a (miR-378a) and SOD1 levels in human cataract lens samples. (**A**) Quantitative reverse transcription polymerase chain reaction (RT-qPCR) analysis shows the level of miR-378a in human normal lens and cataract lens samples (n=25). All data are presented as the mean ± SD. The two-tailed unpaired Student's t-test was performed for comparison of the two groups. (\*\*\* P\<0.001). (**B**) RT-qPCR analysis shows the mRNA level of SOD1 in the normal human lens and cataract lens samples (n=25). All data are presented as the mean ± SD. The two-tailed unpaired Student's t-test was performed for comparison of the two groups. (\*\*\* P\<0.001). (**C**) Spearman's correlation analysis shows a negative correlation between miR-378a and SOD1 in human cataract lens samples (n=25). r=−0.4657, p=0.019.](medscimonit-25-4314-g004){#f4-medscimonit-25-4314}

[^1]: Study Design

[^2]: Data Collection

[^3]: Statistical Analysis

[^4]: Data Interpretation

[^5]: Manuscript Preparation

[^6]: Literature Search

[^7]: Funds Collection

[^8]: Yan Liu and Huanhuan Li had an equal contribution
